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A fatal break up 
 
poptosis can be short-
circuited by inhibiting 
a protein that stimulates 
mitochondria to split. 
The finding suggests that 
mitochondrial fission is 
indispensable for 
programmed cell death.
Most mitochondria are 
not the solitary, kidney 
bean–shaped objects you 
see in the textbooks, says 
Richard Youle (National 
A
Drp1 (green) translocates to, and helps divide, mitochondria (red) 
during apoptosis (right).
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Institute of Neurological Disorders and 
Stroke, Bethesda, MD). Instead, the 
organelles have an active social life, 
often linking up to form long, inter-
connected chains, and then sometimes 
splitting apart again. During apoptosis, 
however, networks of mitochondria 
shatter into small, “punctiform” blobs. 
The mitochondria of a dying cell also 
spill their guts, dumping proteins such 
 
grow faster, although that possibility is unproven. “Rho might 
allow the cell to decide which pathway to turn on.” 
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In the nick of time 
 
ike romance, politics, and batting, cell division requires 
good timing. Now, a molecular switch that sets the pace 
for the early part of the cell cycle has been discovered. The 
switch is novel because it revs up one pathway, while blocking 
another that may accelerate the cell cycle.
A team led by Richard Assoian of the University of 
Pennsylvania (Philadelphia, PA) already knew that progression 
through the cell cycle depended on the protein cyclin D1. 
Induced during the middle of the G1 phase, cyclin D1 activates 
a cyclin-dependent kinase that advances the cell through the 
rest of that phase. Thus, cyclin D1 is vital to the timing of 
the cell cycle, says Assoian. “We view it as the event that sets 
the clock for the balance of the events that occur during G1 
phase.” But how does the cell ensure that the cyclin D1 
gene turns on at the right time? 
Assoian and colleagues determined that the master switch 
was a protein called Rho, which performs two functions. 
Rho is required for the activation of ERK MAP kinases, 
which are necessary for cyclin D1 expression in the middle 
of the G1 phase. The other function showed up when the 
authors inhibited Rho. Cyclin D1 turned on earlier in G1 
phase, stimulated by an alternative pathway that Rho 
normally keeps silent. How Rho exerts control over the two 
pathways remains a mystery, Assoian says. He adds that the 
second pathway might allow the cell to shorten G1 phase and 
L
Adherent cells (left) or Rho-inhibited cells (bottom right) make 
cyclin D1 (red), but cells in suspension (top right) do not.
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 that further drive 
apoptosis. 
To discover what spurs mitochondrial 
fission, Youle and colleagues focused 
on a protein called Drp1, a member of 
a class of proteins known as dynamins 
that are involved in endocytosis and 
vesicle formation. In a healthy cell, 
Drp1 loiters in the cytosol and regulates 
the division of mitochondria. But the 
authors found that during 
apoptosis, Drp1 swarms 
to the mitochondria, 
concentrating at the sites 
where the organelles tend 
to cleave. Youle believes 
that these Drp1 complexes 
hasten mitochondrial 
breakup. Blocking Drp1 
not only slows the 
splitting of mitochondrial 
networks, it also prevents 
release of cytochrome 
 
c
 
 
and thwarts apoptosis. The researchers 
plan to probe how Drp1 works and 
why its actions change once apoptosis 
begins. “It works in healthy cells to 
regulate mitochondrial dynamics,” 
Youle says, “the question is how does it 
change from its normal function to its 
proapoptotic function.” 
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